ABSTRACT: Bioassay-guided fractionation of a CH 2 Cl 2 -MeOH extract of the aerial parts of Albizia inundata resulted in the isolation of two new natural oleanane-type triterpene saponins (9)}. The structures of 1 and 2 were established on the basis of extensive 2D NMR ( 1 H-1 H COSY or DQF-COSY, HSQC, HMBC, TOCSY, and HSQC-TOCSY) spectroscopic, ESIMS, and chemical methods. Saponins 1, 3, 6, and 7 showed cytotoxicity against human head and neck squamous cells (JMAR, MDA1986) and melanoma cells (B16F10, SKMEL28) with IC 50 values in the range 1.8-12.4 μM, using the MTS assay.
T he genus Albizia (Fabaceae) is composed of about 150 species widely distributed in the tropics, with the greatest diversity encountered in Africa and Central and South America. 1 Triterpene saponins from several species (A. grandibracteata, A. gummifera, A. julibrissin) have been reported to exhibit cytotoxic activity in vitro against different cancer cell lines. [2] [3] [4] [5] As part of a continuing investigation to identify bioactive compounds from natural sources, a library of 200 plant extracts from Latin America was screened for cytotoxic activity in vitro against two human head and neck squamous cell carcinoma (HNSCC) cell lines as well as two melanoma cell lines. Albizia inundata (Martius) Barneby & Grimes, a perennial tree from Argentina, was one of the most active plant samples in the MTS [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H tetrazolium] assay. The CH 2 Cl 2 -MeOH (1:1) extract of the aerial parts of this species showed cytotoxicity to JMAR and MDA1986 HNSCC cells and B16F10 and SKMEL28 melanoma cells with IC 50 values in the range 1.0-3.8 μg/mL. This extract was selected for bioassay-guided fractionation, purification, and isolation of its active constituents. We report herein the details of the isolation, structure elucidation, and cytotoxicity of two new natural oleanane-type saponins (1, 2) and seven previously reported saponins (3) (4) (5) (6) (7) (8) (9) . This is the first report of a bioassay-guided phytochemical study of this species.
The active crude CH 2 Cl 2 -MeOH extract of A. inundata (80 g) was divided into fractions soluble in hexane (5 g), EtOAc (17 g), n-BuOH (40 g), and water (12 g ), by a liquid-liquid partitioning process. Bioassay results showed that the n-BuOH fraction showed the highest activity of all fractions tested, with cytotoxicity against the four cancer cell lines used (B16F10, JMAR, MDA1986, and SKMEL28) with IC 50 values in the range 0.1-1.0 μg/mL. The n-BuOH fraction (36 g) was further separated into six fractions by MCI gel CHP20P column chromatography, eluted by 100% water (fraction 1), 20% MeOH (fraction 2), 40% MeOH (fraction 3), 60% MeOH (fraction 4), 85% MeOH (fraction 5), and 100% MeOH (fraction 6). Fraction 5 (16 g) showed the highest activity against the four cancer cell lines tested, with IC 50 values in the range 0.1-0.9 μg/mL. This fraction was further separated on a Si gel column eluted by CH 2 Cl 2 -MeOH-H 2 O (from 20:1:0.1 to 4:1:0.1). Further purification of the most active fraction [eluted by CH 2 Cl 2 -MeOH-H 2 O (7:1:0.1), with IC 50 values in the range 0.4-2.5 μg/mL against the above four cancer cell lines] by semipreparative HPLC (mobile phase CH 3 CN-H 2 O) resulted in the isolation of two new natural saponins (1 and 2) and seven known saponins (3) (4) (5) (6) (7) (8) (9) . The 1 H and 13 C NMR data indicated that compounds 1-9 are oleanene-type saponins. The absolute configurations of the sugar residues obtained by acidic hydrolysis 
. 8 The structure of 1 was confirmed by a complete acid hydrolysis of this compound, which afforded the aglycon oleanolic acid as identified by co-TLC with an authentic sample available in our laboratory.
Glycosylation of the alcoholic function at C-3 in the triterpene moiety was indicated by the low-frequency chemical shift value of this carbon resonance (δ 89.7) and HMBC correlations between H-3 (δ 3.17, dd, J = 12.5, 4.7 Hz) and one anomeric carbon at δ 105.6 (C-1 0 ) and between one anomeric proton at δ 4.98 (H-1 0 , d, J = 8.3 Hz, which correlated to the anomeric carbon C-1 0 at δ 105.6 in the HSQC spectrum) and C-3 (δ 89.7). From the anomeric proton in each sugar unit, the other protons in 1 were assigned using 1 H-1 H COSY and TOCSY spectra, after which the glycosidic carbons were identified from an analysis of the HSQC spectra (Table 1 ). In the diglycosidic moiety, one sugar was identified as an R-arabinopyranosyl unit, and the other as an N-acetylated amino-β-glycopyranosyl unit. 0 , attached to C-2 0 at δ 58.3 in the HSQC spectrum). The shielding of C-2 0 at δ C 58.3 is characteristic for the presence of a 2-deoxy-2-acetamidoglycosyl unit. The large proton coupling constant of H-2 0 indicated the trans-diaxial orientation of H-2 0 of the N-acetylglucosamine. Furthermore, the HMBC correlations between δ H 4.32, 3.78 (H 2 -6 0 in Glc-NAc) and δ C 105.8 (C-1 00 in Ara) and between δ H 4.95 (H-1 00 in Ara) and δ C 70.4 (C-6 0 in Glc-NAc) allowed for the determination of the sequence of the glycosidic chains linked to C-3. Finally, the 13 C NMR data obtained for the diglycosidic chain were superimposable with those obtained for 7 also isolated in this study. From these observations, 1 was determined as 3-O-[R-Larabinopyranosyl(1f6)]-2-acetamido-2-deoxy-β-D-glucopyranosyl oleanolic acid. Although the structure of 1 was previously reported as a result of a partial acid hydrolysis of oleanolic acid 3-O-glycosides from the stems of A. subdimidiata, 1 we report here for the first time its 1 H and 13 C NMR data based on 2D NMR spectroscopic analyses.
The structure determination of 2 was performed in a similar manner to that described for 1. C NMR data, which were superimposable to those obtained for the triterpene moiety, 3-O-[β-D-xylopyranosyl-(lf2)-R-L-arabinopyranosyl(lf6)]-2-acetamido-2-deoxy-β-Dglucopyranosyl acacic acid lactone (concinnoside D) (4), [9] [10] [11] [12] also isolated in this study.
The chemical shift at δ 89.3 observed for C-3 in the triterpenoid ring system of 2, as well as the presence of three anomeric carbons, indicated that the three sugars in the molecule are attached to C-3. Starting from the three anomeric proton signals attached to the three anomeric carbons in HSQC, the three sugars were identified as two R-arabinopyranosyl units (Ara) and one N-acetylated amino-β-glycopyranosyl unit (Glc-NAc), using DQF-COSY, TOCSY, and HSQC-TOCSY techniques, evaluation of the coupling constants, and from the chemical shifts. This observation was confirmed by acid hydrolysis of 2, which afforded the sugar components, 2-amino-2-deoxyglucose and arabinose. The sugar unit with an anomeric signal at δ H 5.06 (d, J = 8.6 Hz) was assigned to 2-acetamido-2-deoxy-β-glucose. 0 , attached to C-2 0 at δ 58.3 in the HSQC spectrum). The sugar units with anomeric proton signals at δ H 5.14 (H-1 00 , d, J = 5.1 Hz, attached to C-1 00 at δ C 102.9) and δ H 5.07 (H-1 000 , d, J = 6.5 Hz, attached to C-1 000 at δ C 106.2) were attributed to two Rarabinose units. The connectivity of the sugar residues in the trisaccharide chain was determined by a glycosylation shift of the carbon signals and by HMBC correlations. The absence of any 13 C NMR glycosylation shift for one arabinopyranosyl unit (δ 106.2, 73.3, 74.8, 69.4, and 67.1) suggested that this sugar is a terminal unit. Glycosylation shifts were observed for C-6 0 (δ 69.9) of the Glc-NAc unit and for C-2 00 (δ 80.1) and C-1 00 (δ 102.9) of the Ara unit. The HMBC correlations between H-3 (δ 3.39) in the aglycon and C-1 0 (δ 105.5) in Glc-NAc and between H-1 0 (δ 5.06) in Glc-NAc and C-3 (δ 89.3) indicated that the Glc-NAc unit is linked directly to C-3 of the triterpenoid moiety. The HMBC correlations between H 2 -6 0 (δ 4.66, 4.22) in GlcNAc and C-1 00 (δ 102.9) in one Ara, between H-1 00 (δ 5.14) in one Ara and C-6 0 (δ 69.9) in Glc-NAc, between H-2 00 (δ 4.57) in one Ara and C-1 000 (δ 106.2) in the terminal Ara, and between H-1 000 (δ 5.07) in the terminal Ara and C-6 00 (δ 65.0) in the other Ara allowed the determination of the sequence of the glycosidic chain linked to C-3. Finally, the 13 C NMR data for the triglycosidic chain were superimposable with those obtained for
Saponins 2 and 4, 6 and 7, and 3 (9) 11,13 were determined to be three pairs of isomers. The only difference between these pairs is that the terminal sugar in 2, 6, and 8 is R-arabinose with a 4β-OH group, while that in 4, 7, and 9 is R-xylose with a 4R-OH group. 13 C NMR data (especially the chemical shift value difference of C-2 due to the γ-gauche effect, and C-3 and C-4 due to an inductive effect) could be used effectively to differentiate between the two terminal sugars. (Table 2) , while saponins 2, 4, 5, 8, and 9 were inactive when tested at the higher concentration of 20 μM. Although 1 and 3 share the same sugar moiety, the cytotoxic activity was increased when the oleanolic acid aglycon in 1 was replaced by the echinocystic (16-hydroxyoleanolic) acid aglycon in 3. While 1, 5, 6, and 7 have oleanolic acid as their aglycon, 1, 6, and 7 showed activity, with 5 being inactive. This observation suggests the importance of the presence of a C-2 0 functional group (-OH or -NHCOCH 3 ) in the glucose sugar unit attached to the C-3 position of the aglycon unit as in 1, 6, and 7. This suggestion was supported by comparing the activities of saponins 3, 8, and 9. Compounds 3, 8, and 9 share the same echinocystic aglycon, with 3 active with a C-2 0 -NHCOCH 3 group in the glucose unit attached to C-3 of the aglycon, while saponins 8 and 9, with a C-2 0 -Oglc group, proved to be inactive.
' EXPERIMENTAL SECTION Journal of Natural Products NOTE spectra were recorded with a Bruker AV-500 instrument with a cryoprobe for 1 H, 13 C (or APT), DEPT135, COSY (or DQF-COSY), TOCSY, HSQC, HMBC, and HSQC-TOCSY. Chemical shift values are given in δ (ppm) using the peak signals of the solvent pyridine-d 5 as reference, and coupling constants are reported in Hz. ESIMS were measured with an Agilent 1200 Series LC-MS/MS ion trap 6300 mass spectrometer. HRESIMS data were collected with a LCT Premier timeof-flight mass spectrometer (Waters Corp., Milford, MA). Semipreparative HPLC was performed on a Agilent 1200 unit with DAD detector, using a Lichrospher RP-18 column (250 Â 10 mm, 5 μm) or a Eclipse XDB-C18 column (150 Â 4.6 mm, 5 μm). Normal-phase silica gel G TLC plates (w/UV 254) and reversed-phase C 18 TLC plates (w/UV 254) (Sorbent Technologies, Atlanta, GA) were used for fraction detection. The spots were visualized using 254 nm UV light and spraying with 10% EtOH-sulfuric acid reagent.
Cytotoxicity Bioassay. The in vitro antitumor cytotoxicity assays were performed as previously described.
14 In general, five concentrations ranging from 0.1 to 10 μg/mL were tested for the extracts, and five concentrations ranging from 50 nM to 20 μM were tested for pure compounds. Statistical analysis was carried out by one-way ANOVA on ranks test using GraphPad Prism 5 (GraphPad Software, San Diego, CA). IC 50 values were obtained from cell viability plots fitted with a sigmoidal dose-response function with variable slope using GraphPad Prism 5 software.
Plant Material. Aerial parts of A. inundata were collected by R. 
